Scheme. S1 Chemical structures of PCBM and DPP-TT-T. 
R-SoXS Calculations
R-SoXS is measured in transmission geometry, and the lateral morphology is probed at a resonant energy which is characteristic to the electronic transition in the carbon atoms of organic molecules. The incident energy can be freely selected across the carbon 1s X-ray absorption in order to utilize vacuum contrast or material contrast. The proper energy should induce the maximum material contrast and should avoid the fluorescence background due to the strong PCBM absorption. For this purpose, as seen in Fig. S2 , a range of energies was measured on DPP-TT-T:PCBM samples. At 270 eV, the vacuum contrast was dominating over the material contrast, while at other energies the material contrast was more dominant than vacuum contrast.
Nevertheless, the fluorescence signal was observed at 285 eV as a result of strong PCBM absorption. In order to eliminate the fluorescence signal and receive high material contrast, 283.8 eV was chosen as the R-SoXS energy. Resonant soft X-ray scattering (R-SoXS) was carried out at beamline 11.0.1.2 at ALS Lawrence Berkeley National Laboratory. All measurements were conducted under high vacuum (10 -7 torr) to reduce the air absorption of soft X-rays. The samples were floated in deionized water and transferred on to Si 3 N 4 substrates. The scattering patterns were collected by a 2048 pixels x 2048 pixels CCD detector. The data was processed with the Nika software package. 1 The information which can be collected from R-SoXS measurement includes: domain spacing (i.e. median characteristic length), relative average domain purity and molecular orientation. After the measurement, 180° azimuthal intensity averages (I avg ) were corrected by multiplying with q 2 , leading to I avg q 2 (i.e. Lorenz-corrected intensity). 2 Plotting I avg q 2 vs q gives the reduced 1D data from the original 2D data, as shown in Fig. 4 and S3. Integrated scattering intensity (ISI) is defined as the integration of the I avg q 2 over the whole q range, shown in Equation S1
. Since the scattering originates from the refractive index contrast between the domains (in this case, polymer-rich and fullerene-rich domains), the purer the domains are, the more intense scattering is measured. Hence ISI value is representative for relative domain purity:
The median characteristic length is calculated from the median spatial frequency, which is the q value equal to the half of the ISI (Equation S2).
For polarized soft X-ray scattering (P-SoXS), anisotropy originates from the scattering intensity differences in the directions parallel and perpendicular to the X-ray polarization. Hence anisotropy ratio is calculated with the perpendicular and parallel polarized ISI values for each sample, shown in Equation S3:
Local chemical composition based on NEXAFS spectroscopy
NEXAFS spectra of the blends were taken by line scans (length: 4 µm, step width: 40 nm) in the region without large PCBM aggregations (mixed phase). The energy range was from 279 eV to 320 eV with 0.1 eV step in the energy range from 282 eV to 290 eV. X-ray optical density (OD) can be expressed by:
where µ is absorption coefficient which depends on the respective chemical component and photon energy hν. ρ is the mass density of the respective component and d is the film thickness.
For spectra deconvolution, optical densities of pristine DPP-TT-T and PCBM were normalized by post-edge (320 eV) and used as references. The local chemical composition ratio (Table S2) was computed using the aXis2000 software (McMaster Univ., Canada) by fitting the blend spectra ( Fig. S3 ) to a sum of reference spectra using conjugate gradient optimization method, as in the following: It should be noted that the preferential orientation of the polymer (i.e. film anisotropy) must not be overlooked during the chemical composition analysis. Although the GIXD results ( Fig. 6a) indicated that there was not any strong orientation changes between the additive-free sample and DIO+Eva sample, the changes in the relative peak intensities for PCBM and DPP-TT-T are for these samples very evident. Therefore, it can be concluded that composition variations affect the NEXAFS spectra more strongly than the anisotropy changes. (Fig. 7c & Fig. S5c ).
Another comparison was made with the best performing polymer:fullerene system so far, PffBT4T-2OD:PCBM, whose aggregation/crystallization behavior is strictly controlled by 3 v% DIO and high temperature coating and drying. 8 It has been recently shown that PffBT4T-2OD experiences strong nucleation and aggregation when processed at approximately 60 °C from CB:ODCB mixture with 3 v% DIO. 8 Here, we present the in situ drying data of PffBT4T-2OD:PCBM, coated and dried under same conditions. Although DIO most likely causes nanoscale differences in the domain sizes, degree of phase separation and crystal size, the microstructure evolution ( This is probably due to slightly bigger aggregates forming in the presence of DIO. PL data does not show any difference between additive-free and additive-containing P3HT:PCBM layers.
Hence, the self-quenching mechanism due to the polymer aggregation/crystallization is not hindered by DIO, unlike DPP-TT-T:PCBM. Especially the gelation behavior caused by o-xylene (seen by PL) and the formation of big PCBM aggregates caused by mesitylene (seen by LS) are hindered as soon as CB is taken as the host solvent (Fig. S8) . Instead, DPP-TT-T was showing a high LS signal due to aggregation.
With regarding the DIO effect on the evolution of polymer aggregation/crystallization, although the solubility in CB is presumably higher than it is in DIO, CB dries faster than DIO due to higher vapor pressure; hence the additive would still keep most of the polymer dissolved, i.e.
hindering polymer aggregation/crystallization. This is confirmed by the PL measurements of DPP-TT-T:PCBM and pristine DPP-TT-T from CB with different amounts of DIO, presented in (Fig. 7) . Therefore, the wavelength range (IR) for thickness calculations was selected in a way that these effects are minimized. In the IR region, we only have Si wafer absorption, which reduces the signal, but not disturbing interference fringes.
For a reflection of a film on a substrate with higher refractive index, superposition of two reflected waves can have two distinct cases with respect to the path difference:
. 
where λ is the wavelength, d is film thickness, and n is refractive index. Based on these equations, film thickness for a layer which has different refractive indices at different wavelengths can be calculated from two adjacent maxima (or minima) as in the following: second on and DIO-drying), thickness values cannot be calculated due to interference losses.
These losses occur due to the strong changes in the dielectric functions of these blends close to the drying, especially due to their anisotropic character. These regions can be resolved and modelled by ellipsometry properly, when it is needed. Although we cannot resolve these drying regions with reflectometry measurements, the time point for the end of drying can be recognized as the time point at which the spectrum stops changing.
